This paper has three main results. These are characterizations of Nagata spaces, ^-spaces, and semi-metric spaces, respectively, as images of metrizable spaces under certain kinds of continuous open mappings.
following conditions on g:
(A) y n e g (n, x) for each neN implies that the sequence (y n } has x as a cluster point.
(B) g(n, x) Π g{n, y n ) Φ 0 for each neN implies that ζy n } has x as a cluster point.
(C) y n eg (n, x) and p n eg(n, y n ) for each neN implies that (p n } has x as a cluster point.
(D) {g(n, x): n = 1, 2, •} is a fundamental system of neighborhoods for x, for each x, and a;6g(n, y n ) for each neN implies that (y n ) has x as a cluster point.
(E) If H is closed and p e U {(/(w, x)'-x e H) for each neN, then pe£Γ.
(F) xeg(n, y n ) for each neN implies that (y n } has x as a cluster point. If X is a space with a COC-function # satisfying (A), X is called a jftrs£ countable space and fir a jftrs£ countable function for X; X is called a Nagata space and # is called a Nagata function for X iί g satisfies (B); if g satisfies (C), X is called a y-space and # a 7-function for X; if # satisfies (D), X is called a semi-metric space and # a semi-metric function for X; X is called a stratifiable space and # a stratifiable function for X if g satisfies (E); and finally if g satisfies (F), X is called a semistratifiable space and g a semi-stratifiable function for X.
Ceder [6] first studied stratifiable spaces under the name "M zspaces". Borges [4] renamed them "stratifiable" and investigated them in more detail. Creede [7] introduced semi-stratifiable spaces. Our definition of semi-metric spaces is a characterization given by Heath in [9] where he studies semi-metric spaces. Hodel [12] introduced 7-spaces. Ceder [6] also introduced Nagata spaces, but our definition is a characterization due to Heath [9] It is clear from our definitions that a space is a semi-metric space if and only if it is a first countable semi-stratifiable space. Also, it is true (c.f. [4] ) that a space is a Nagata space if and only if it is a first countable stratifiable space.
Each class of spaces which we characterize below is included in the class of first countable spaces. Consequently we are able to make use of the following theorem proved independently by Hanai [8] and Ponomarev [16] . THEOREM 
A T r space Y is first countable if and only if there is a metrizable space X and a continuous open mapping from X onto Y.
Let us now mention some characterizations of Nagata spaces OPEN MAPPINGS AND FIRST COUNTABLE SPACES 321 and semi-metric spaces. Heath [10] has characterized each of these as follows. Nagata [15] has recently given quite similar characterizations of Nagata spaces and semi-metric spaces using the concept of â -closed mapping. In comparing these results (of both Heath and Nagata) with results such as Theorem 2.1 and Heath's characterization of developable spaces, we can see that one natural way to try to improve them is to avoid having to consider a subset X r of the metric space X.
3* Nagata spaces* DEFINITION 3. 1 . Let X and Y be topological spaces, let f: X-> Y be a surjection, and let g be a COC-function for X. Then f is an N-mapping relative to g (N= Nagata) if given any y e Y and neighborhood W of y, there is a neighborhood V of y and a positive integer n such that if g(n,x)Πψ~1(V)φ0 9 then ψ(x)eW. A surjection f:X->Y is an N-mapping if there is a COC-function g for X such that ψ is an JV-mapping relative to g.
We note that our iSΓ-mapping is quite similar to ArhangeFskii's [3] regular mapping. Indeed our definition was suggested by his definition. In [3] he proved a theorem showing that conditions on the range space of a mapping can force the mapping to be regular. This theorem motivated the following proposition on ΛΓ-mappings. PROPOSITION 
Let (X, T) and Y be topological spaces with Y a stratifiable space, and let ψ: X -+ Y be a continuous surjection.
Then ψ is an N-mapping.
Proof. Let He a stratifiable function for Y, and define g: N x X-> T by g(n, x) = φ~ι[h(n 9 ψ(x))]. Then g is a COC-function for X. Now let y e Y, and let W be an open set containing y. Then Y -W is closed and y$ Y -W; hence there exists an n Q e N such that
Using Theorem 2.1 and Proposition 3.2, we are able to characterize Nagata spaces. 
Thus there is a zeH such that i(%is)Π7^ 0. Therefore, if t is such that h(n 09 z) = ψ[g(n 0 , t)], we have g(n 0 , t) Π ψ-\V) Φ 0. But this implies that ψ(t) = zeW 9 an obvious contradiction.
In reference to the remark at the end of § 2, we note that we are able to do away with having to look at a subset X f of the metric space X in our characterization of Nagata spaces. (A similar remark applies to our characterization of semi-metric spaces in § 5.) 4* 7-spaces* This section proceeds almost exactly as § 3. We begin by giving the definition of the kind of mapping we need in order to characterize 7-spaces. DEFINITION 4.1 . Let X and Y be topological spaces, let ψ: X-> Y be a surjection, and let g be a COC-function for X. Then f is a G-mapping relative to g (G -gamma) if given any yeY and neighbor-hood W of y, there is a neighborhood V of y and an n e N such that ΨIU {θ( n > χ ) : x e Ψ~\V)}] S W. A surjection ψ: X-> Γ is a G-mapping if there is a COC-function 0 for X such that f is a G-mapping relative to g. PROPOSITION 4.2. Let (X, T) and Y be topologίcal spaces with Y a y-space, and let ψ: X->Y be a continuous surjection. Then ψ is a G-mapping.
Proof. Let He a 7-function for Y, and define g as in the proof of Proposition 3. 2. Let y e Y and let IF be a neighborhood of y. We claim that there exists an n 0 e N such that U {h(n 0 , z):ze h{n 0 , j/)}£ W. For suppose not; then we can choose sequence (z n ) and <u n } such that z n e h(n, y) and u n e h(n, z n ) -W for each neN. But since h is a 7-function, this means that y is a cluster point of (u n }; obviously a contradiction since u % £ W for any neN. On the other hand, suppose that X is metrizable and f:X->Y is an open continuous surjection, which is a G-mapping. Then Y is first countable. Let / be a first countable function for Y, and let yeY.
Choose an seψ'^y) and define h(n, y) = ψ[g(n, s)] Of(n, y). Now suppose y n e h(n, p) and x n e h{n, y n ) for each neN. Then we must show that p is a cluster point of <x % >. Assume not, and choose a neighborhood U of p and an integer k so that for n^k, x n ίU. Now there exists a neighborhood V of p and an n 0 (which we may choose to be ^ k since g(n + 1, But there is a ί Wo 6 ^" 1 (α; Wo ) Π flf(% s roo ) and so ^(ί mo ) = x mo € Z7, a contradiction. 0 5* Semi-metric spaces* Since the proofs of Proposition 5.2 and Theorem 5.3 are very similar to the proofs of Proposition 3.2 and Theorem 3.3 respectively, we omit them here. DEFINITION 5.1 . Let X and Y be topological spaces, let ψ: X-* Y be a surjection, and let g be a COC-function for X. Then ψ is an SM-mapping relative to g (SM= semi-metric) if given any y e Y and neighborhood W of y, there is an n e JV such that #(%, x) Π ψ~ι(y) Φ 0 implies that ^(#) β TΓ. A surjection ψ: X-* Y is an SM-mapping if there is a COC-function # for X such that ψ is an Sϋf-mapping relative to g.
We remark that our Sϋf-mapping is a generalization of Ponomarev's [16] πvmapping. In fact if (X, d) is a metric space and g(n, x) = Bd(x, 1/w) then a τr-mapping and an SM-mapping relative to g are identical concepts. Notice, however, that in Theorem 5.3 we get an &M"-mapping relative to a COC-function g which is not directly related to the metric on X. Consequently, that &M*-mapping is not necessarily a π-mapping. In connection with this remark, the question arises as to whether we can find characterizations similar to the ones we give, but with mappings which are directly related to the metric on X. Such characterizations, if they exist, would in a sense be improvements of our theorems. PROPOSITION 5.2. Let (X, T) and Y be topological spaces with Y a serni-stratifiable space, and let ψ: X-> Y be a continuous surjection. Then ψ is an SM-mapping. THEOREM 
Let Y be a T r space. Then Y is a semi-metric space if and only if there is a metrizable space X and an open continuous SM-mapping from X onto Y.
In addition to comparing this characterization with those of Heath and Nagata mentioned above, the reader should compare it with results by Alexander [1] and Burke [5J. 6 . Some properties of the mappings* We note that each of the kinds of mappings we have defined in this paper (iSΓ-mapping, G-mapping, and SM-mapping) is countably productive. We can use this property to get relatively simple proofs that Nagata spaces, 7-spaces, and semi-metric spaces are countably productive as follows (the results are known, with the possible exception of the 7-space case). THEOREM 6.1. Let {Y n : n -1, 2, •} be a sequence of T r spaces.
(1) By Theorem 3.3 for each n, there is a metric space X n and an open continuous iV-mapping ψ n : X n -> Y n . Then Π~=i -X"* is a metric space and Π^W^ is an open continuous mapping from ΠΓ=iI« onto Π?=iY» It is not difficult to show that this mapping is in fact an iV-mapping. Consequently, again by Theorem 3.3, Π"=i Y» ΐs a Nagata space.
The proofs of (2) and (3) are similar. Now we ask when finite-to-one and compact mappings are SMmappings, and derive several corollaries concerning images under these mappings. THEOREM 6.2. Let ψ: X-+ Y be a continuous finite-to-one surjection, and let g be a semi-stratifiable function for X. Then ψ is a SM-mapping relative to g. 6.3 . Let ψ: X-• Y be a continuous compact surjection, and let g be a K-semi-stratifiable function for X. Then ψ is a SM-mapping relative to g.
The proof of Theorem 6.3 is very similar to the proof of Theorem 6.2. For the definition and a discussion of iΓ-semi-stratifiable spaces, the reader should see Lutzer [13] .
Next we note that we can weaken one implication of Theorem 5.3 to get the following. THEOREM 6.4 . Let X be a space with a COC-function g, let ψ:X~+Y be an almost-open SM-mapping relative to g. Then Y is semi-stratifiable. Proof. (Sketch) . Let y e Y, ne N. Then there is an s e ψ~\y) with a system of neighborhoods {N a : ae A} such that each ψ(N a ) is open. Now choose N a% £ g{n, s) and define h(n 9 y) = ψ(N an ). Then h can be shown to be a semi-stratifiable function for Y. COROLLARY 6.5. An almost-open continuous finite-to-one image of a semi-stratifiable space is semi-stratifiable. Proof . Combine Theorems 6.2. and 6.4. It should be noted that Henry [11] has proved a slightly stronger result than Corollary 6.5 (pseudo- The Supporting Institutions listed above contribute to the cost of publication of this Journal, but they are not owners or publishers and have no responsibility for its content or policies.
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